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Description 

The present invention relates to aJtered antibody binding sites, eg forming part of an antibody. Tne 
presort invention also relates to methods for the production of such a'tered antibody binding sites. 
6 Natural antibooies, or ieiununoylobuliru:, cjrnjjrise two tiedvy chains linked toj^thur by dtsulphide bonds 
and iwu it^hl chains, one light chain being lifiked lo each of the heavy chains by disulphide bonds The 
general struciurn of an antihoOy of class 'g6 (i.e. an immunoglobulin (Ig) of class gamma (G)) is shown 
schtjrnaticdlly in Fiycre 1 of the accompanying drawings. 

Fadi heavy chain lias Hi one end a variabie domain followed by a number of ccnslanl domains. Each 
to Itght cnain has a variable domam at one end and a constant domain at its other end, the vanable domain 
being aligned with the variable domain of the heavy chain and the constant domain being aligned with the 
first constant domain o1 the heavy chain The constant domains in the light and heavy chains are not 
involved directly in binding the antibody to the antiQen. 

The variable domains of each pair of light and heavy chairs form the antigen binding site. The domains 
15 on the itght and heavy chairs have the same genoral structure end each domain comprises four framework 
regions, whoso sequences are rclativol/ consen/ed. connected by three hypervariable or complementarity 
determining regions (CDRs) (see Kabat, E A.. Wu. TT, Bilofsky. H.. Reid-Miller. and Perry. H.. in 
''Sequences of Protems of Immunoioflica' interest", US Dept. Health and Human Services 1983). The four 
frcmcworlc regions largely Ddopt a /6-shoct conformation and tho CDRs form loops connecting, and in some 
2v cases forming part of, the ^-sheet structure. The CDRs are held ir close proximity by the framework 
regions and, with the CDRs from the other domain, contribute to the formation of ti^ entigen binding site. 

f^or et moro detailed account of tho structure of variab'c domains^ rGforcncc may be made to* Pcljak, 
K.J., Airzel. LM.. Avey, H.P., Cfien. B.L, Phizackeriy, R.P. and Saul. F„ PNAS USA, 70. 3305-3310, 1973; 
Segal. D.M., Padlan, E.A.. Cohen. G.H.. Rudikoff, S.. Potter. M. and Davies, D.R., PNAS USA. n. 4298- 
26 4302. 1974; and Marquart, M., Deisenhofer J, Huber, R. and Palm, W.. J. t^o\. Biol., i41, 369-391, 1980. 

In rocerit years advances in molecular biolo-gy based on recomtDinant DNA techniques have provtded 
processes ^or the production of a wide range o- heterologous polypeptides by transformation of host cells 
with heterc'logous DNA sequences which code for the production of the desired products. 

EP-A-0 088 994 (Schering Corporation) proposes the constriction of recombinant DNA vectors 
sc comprising a ds DNA sequence which codes for a variable domain of a light or a heavy chain of an Ig 
specific tor a predeterminad iigand The ds DNA sequerce is provided with initiation and termination 
codc-ns at its 5*- and 3'- termini respectively, but lacks any nucleotides coding for amino acids superfluous 
to the variable cJomaiii. The ds DNA sequence is used to transform bacterial ceils Tfie applicaiion does not 
contemplate variations in the sequence of the variable domain. 
:* EP-A-1 102 634 (Takeda Cfiemirai Industries Limited) describes the dcning and expression in bacterial 
host organisms vi genes coOitig for the wtiole vi a pari of human IgE heavy chain polypeptide, but dfjjt^s not 
contempt ale vanations »n the sequence of the polypepucie. 

EP-A-0 125 023 (Qenentecl Inc.) proposes the use of recombinant DNA techniques in bacterial cells to 
produce Ig's wf^ich are analogous to those normally found in vertebrate systems and to take advantage of 
40 the gene modification techniques proposed therein to construct chimeric Igs or other modified forms of Ig. 

The term 'chimeric antibody' is used to describe a protein conprising at least the antigen binding 
portion of ar immunoglobulin molecule (ig) attached by peptide linkage to at least pan of another protein. 

ft Is believed that the proposals set out in the above Genentech application did not lead to the 
expression of any signifk:ant quantities of Ig polypeptide chains, nor to the production of Ig activity, nor to 
45 the secretion and assembly of the chains into the dosired chimeric Igs- 

The production of monoclonal antibodies was first disclosed by Kohler and Milstein (Kohler, G. and 
Milslein, C , Nature, 25B, 495-497, 1975). Such monoclonal antibodies have found widespread use not only 
as diagnostic roagonts (soo, for exainpte, 'Immunoiogy for the 805, Eds VoHor, A., Bartlctt, A., and Bidwoll, 
D, MTP Press, Lancaster 1981) but also in therapy (sec, for cxannplc, RItz, J. and ScNossman, S.F., 
50 Blood. 50. Ml, 1982). 

The recent emergence o1 techniques aitowing tho staWo introduction of !g geno DNA into myelonr^a 
cells (see. for example. 01. V.J., Morrison, S.L., Herzenberg, L.A and Berg, P , PNAS USA. 80, 825-8ii9. 
1083; Neuborger, M.S.. EMBO J., 2, 13/3-13/^8, 1983; and Ochi. T., Hawiey, R.G., Hawley. T.. Schulman, 
Traunecker, A., Kohler, G. arid Hozumi. N.. PNAS USA, 80. 6351-6355, 1983), has opened up the 
B6 possibility of using in vitro mutagenesis and DNA transfection to construct recombinant Igs possessing 
novel pf-operties. 

However, it is known that th function of an ig molecule is oependent on its three dimensional structure, 
which in turn is depandorrt on Its primary amino acid sequence. ThuS; changing the amino actd sequence of 
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an Ig ma/ ad/crsely atfoct its activity Moreover, a change in the DNA sequence coding tor the Ig may 
af'cct the ability of ttie cell containing the DNA secjuenoe to express, secrete or assennb'e the Ig. 

It iS therefore net al all clear that h will be possible to produce functional altered antibodies by 
re-i^rribinant DNA techniques. 
b Howevt^r. fjolleagueb of the present Inventor have deviiied a process wtiereby chimeric antibodies in 

whicn both parts c( the protein are luiKtional can be seci9l9Cl The process, wi^itli .s disclosed in 
InrGrnational Patent Application No. PCT/GiB85.TX)392 (Naufifirger fit al. and Celttech Linnited). romprtses 
d) prepar'ng a repi cable expression vector it-cludingj a suitable promoter operably linked to a DNA 
sequence con^prising a first pan which encodes ai least the variable domain of llw heavy or light chain 
ro of an Ig nnolecuio and a second part which encodes at least part of a second protein; 

b) :f necessary, preparing a replicable expression VBctor including a suitable prDnnoter operably linked to 
a DNA seqjGnce which encodes at least the variao!© domam of a complemaritary light or heavy chain 
respectively of an Ig molecule; 

c) transforming an immortalised mammaliar^ cell line with the or both prepared vectors: and 
t5 d) culturing said transformed cell line to produce a chirreric antibody. 

Tho second part of the DNA sequence may encode: 

i) at least part for instance the constant domain o\ a heavy chain, of an Ig molecule of different species, 
class or subclass; 

li) at least the active portion or all of an onzymo: 
20 ii) a protein having a known binding specificity; 

V) c protein expressed by a known gene but whose sequence, f jnction or antigenicity ts not known; or 
V) a pi-otcm toxin, such as ricln. 

lha above Neuberger application only shows tho production ot chimeric antibodies in which complete 
variable donnains are coded lor by the first part of the DNA sequence. It does not show any chirT>eric 

26 antibodies in wnich the sequence ot the variable ocmain has oeen altered. 

Th9 present invention, in a f rst aspect, provides an altered antibody oindmg site connprising com- 
pienentarity determining regions (hereinafter CDRs) of an Ig light or heavy chain variable donnain derived 
from a first antioody, and framework regions not of said first antibody, wherein antigen binding properties of 
said first antibody are imparted to the altered antibody binding site by said CDRs. 

30 The ceternninailon as to what constitutes a CDR and what constitutes a framework region was made on 
the basis of the amino-ac(d sequences of a number of igs However, from the three dimensional sfructure of 
a number of Igs it is apparent that the antigen binding site of an Ig variable domain comprises three looped 
regions sup(XJrted on siieet-like structures. The loop regions do not correi-pond exactly to the CDRs, 
although (n general there is considerable overlap. 

3b f^nreover. not all of the amir>o-acid residues in the loop regions are solvent accessible and in one case. 
arTmrj-acid residues in ttie framework regionij are involved in atrtigen binding (Amil, A.G.. Mariu^za, R.A. 
Phdiros. S.F.V. and PcJjak. R J., Science: 733. 747-753, 1986) 

It Is al?^o known that the variable reginns of the two paits of an antigen binding site arg held in the 
correct orientation by inter-chain ncn-covalent interactions These nay involve amino-acid residues within 

40 the CDRs. 

Thus, in O'der to transfer the antigei binding capacity of one variable domain to another, it may not be 
necessar>' to replacs all of the CDRs with the complete CDRs from the donor variable region. It may be 
necessary only to transfer those residues which are accessible from the antigen binding site, and this may 
involve transferring framework region residues as vweil as CDR residues. 

<5 It rr-ay also be necessary to ensure that resiCjas essential for inter-chain interactions are preserved in 
the acceptor variable domair^. 

Within a domain, the packing together and orientation of the two disulphide bonded /S-sheets (and 
thcroforo tho ends of the CDR loops) are rolativoiy conserved. However, small shifts in pecking and 
orientation of these jS-chocts do occur (Lcsk, A.M. and Chothla, C, J. Mol. Biol., 325-342^ 1982). 

50 However, the packing together and orientatio.-i of heavy and light chain variable domains is relatively 
conserved (Chothia, C Novotny, J., Bruccoieri, R. and Karplus, M., J. Mol. Biol., 166, 651-663, 1985). 
these points will need to be borne in mind w.^n corirtructing a new antigen binding eite so as to ensure 
that packing and ork>ntaiion are not altered to the detnment of antigen binding capacity. 

It is thue clear that merely by replacing one c nwe CDRs with corr^plerrentary CDRs may not always 

£»6 result in a functional altered antibody. However, given the explanations set out above, it will be well witnin 
the competence of tne man skill d in the art, eiiher by carrying out routine experimentation or by trial and 
error testing to obtain a functional altered antibody. 
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Preforatly, tho varab'o domains in both the heavy and Itght chains have been aJtored by at least partial 
CDR replacement aid, if necessary, by pa^ial framework region replacefTient and sequence chafiginQ. 
Ahhough the CDRs may be derived from an antibody of tt^e same class or oven subclass as tbe antibody 
from which the framework regions are denved, tt is envisaged that the CDRs will bo derived from an 
i> antibody ul differt^nt ulasi» arid preferably from an antibody frorrt <l different species. 

Thus, ii is envisaged, for instance, lhal Ih© CDRs irom a ntouse aiilbody could be graded onto the 
framf^woric regions of a hun^an antitxxly Thtis arrangemRnt will be ot particular use in Iho Iherapeutir: use of 
munodur.al antibodies. 

Ai presenl. wlien a mouse monoclonal antibody or even a chimeric antibody cx)mprising a conriplele 
m mouse variable cJcmain is injer.ted into a human, the human body's immunB system recognises the mouse 
variable domain as foreign arri prodjces an immune response thereto. Thus, on subsequent injections of 
the mouse antibody or chunerc antibody into the human, its effectiveness is considerabty reduced by the 
actior of the body's immuno system against the foreign antibody, in the altered antibody of tne present 
invention, only the CDRs ot the antibody will be foreign to th* body, and this should n^nimise side effects it 
?5 used for human tlierapy. AlthojQh, for examrfe. hjman and mouse Iramewcrk regions have characteristic 
sequences, there seenn to be no characteristic features which d'stinguish human from mojse CDRs. Thus, 
an ant-body comprised of mouse CDRs In a human framework may well be no more foreign to the body 
than a genuine hurfian dntt)0dy. 

Even with tho altered antibodies ot Ihs present invention, there is likely to bo an anli-idiotypic response 
2C by the recipient of the altered antibody. This response is directed to the antibody binding region of the 
altered aniifcody, It is believed ti^al at loast some anti-idiotype antibodies are directed at sites bridging the 
CDRs and the framework regions. It wou'd therefore bo possible to provide o pand ot antibodies having the 
sar.o partial or complete CDR replacoments but on a series ot different framework regions. Thus, once a 
first altered antibody became therapeutically ineffective, due to an anti-idiotype response, a second altered 
?6 antibody from thg series could be used, and so on, to overcome \r>e etfeci of tne anii-idiotype response. 
Thus, tho useful ii^e of tfie antigen-binding capacity o. the altered antibodies could be extended. 

Tne altered antibody bitxjmg site may fo-'m part of the structure of a natural antbody or a fragment 
thereof. Thus, the invention may. for example, provide a complete antibody, an (Fab*>2 fragment, an Fab 
fragnrvent, a light ciain dtmer or a heavy chain cimer. Atternativeiy, the attered antibody binding site may 
3c form pert of a cfiim^ric antibody of tne type described in the Neubarger application referred to above. The 
prcduction of suzh an altyred chimeric antibody can ba carried out using the methods described below 
used in corjunction with the methods described in tha Neut)erger application. 

Trie present invetition, in a second aspect, compi-ises a metliud fcx prodtciny an attered antibody 
binding s te compf tslng: 

:sb a) preparing a first replicable expression vector including a suitable promoter operably Imken to a DNA 
sequwict; wliich ericx>de5> <t\ ieast a variable domain of an Ig heavy or light chain, corriprisiny CDRii 
derivad from a first antitxidy and frannewoilt reg»ons not of said first antibody, whereby antigen t)inding 
properlies of said first antibody are imparted to the altered antitx)dy i:^nding site by said CDRs: 

b) )f necessary, preparing a second replicable expression vector ircluding a suitable promoter operably 
40 l:nked to a DNA sequence whicii encodes at least Xite varible domain of a complementary Ig light or 

heavy chain 

c) transforming a cell Ime with the first or both prepared vectors; and 

d) cultjring said transfornned cell line to produce said altered antibody with binding site. 

The present invention also includes vectors used to transform the celt line, vectors used in producing 
< the transforming vectors, cell lines transfornned with the transforming vectors, cell liies transformed with 

prepaibttve vectors, and methods for their production. 

Preferably, the cell line which is transformed to produce the altered antibody binding site is an 

immoaaiised mcmmaiiaa coil line, which is advantageously of lymphoid origin, such as a myeloma. 

hybridoma; trioma or quadroma cell line. The cell line may also comprise a normal lymphoid cell, such as a 
£C B'cel!, which rias been immortalised by transformation with a virus, such as the Epstein-Barr virus. Most 

preferably, the immortalised coll lino is a myeloma eell lino or a derivative thereof. 

Although the cell lirw used to produce the altered antibody binding site is preferably a mammalian cell 

line, any other suitable cell line, such as a bacterial cell lino or a yeast cell line, may alternatively be used. 

In particular, it is envisaged thai E. col i derived bacterial strains could be used, 
es It is known that some immortalised fymphoid eel! lines, such ae myeloma cell lines, in their norma! state 

secrete isolated Ig light or heavy chains. |f such a cell line is transformed with the vector prepared in step a) 

of the process of the inverlion, It will not be necessary to carry out step b) of tne proc ss, provided that tne 

nornaily secreted chain s complementary to the variable domain ct the Ig cha'n encoded by the vector 
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prepared in step a) 

However, where the imrnortalisod cell line does not secrete or does not secrete a complenrteniary chain, 
it wli be necessary to carry out step b). This step may be carried out by ftrther nnanipulatirg the vector 
produced in stop a) so that thts vector encodes not only the variable domain of an altorGd antibody light or 
b heavy 'jfiaiii. but aJuo the ccrnpieirtentary variable domain. 

A:Lernativ9ly, step b) is carried out by preparing a seco/'id vector whidi is used to transform Ihe 
innrr.ortai sad rell linB, This alternative teads to easier construct preparation, but nr.ay be If^ss preferred than 
the f rst alien atlve in thai it may not tead to as efficier»t productior of antibody. 

The [ech'iigues by which such vectors can be produced and used lo iransiorm llie iinrnorialised cell 
rn lines are well known in Hie art, and oo not icnr, any part o1 the invention. 

In the case where the immcrtalised cell line secretes a complementary light or heavy chain, the 
trar\sformec ce(( line nvay be produced for example by trensformirg a suitable bacterial cell with the vector 
and then fusiro the bacterial ceil i^ith the immortalised cell line by spheroplasi ftsion. Alternatively, the 
DNA may be directly introduced into the irrimortalised cell line by clectroporatlon. 
t5 Tha DMA sequence encodirg the altered variable domain may be prepared by otigonucleolide 
synthesis This requires that at least the relevant framework region sequence ard CDR sequence(s) are 
known or can oe readily determined. Although determining these sequences, the synthesis of the DNA from 
oligonucleotiaes and the preparation of suitable vectors is to some extent laborious, it involves the use of 
known techniques which can reacily be carried out by a person skilled in the art in light of the leeching 
20 given here. 

If it was des.red to repesl this strategy to insert a different antigen binding site, it a-ouW only require the 
synthesis of oligonucleotides encoding the c;dR(s), as the framcworic oligonucleotides can be ro-usod. 

A convenient variant ot this technique would involve making a synthetic gene lacking CDR(s) in which 
the four framework regions are fused together with suitable restriction sites at the junctions. Double 
36 stranaeo synthetic CDR cassettes with sticky ends cculd then be ligated at the ju rations ot the framework 
regions. A protocol for achieving this variant is stiown diagrammatically in Rgure 6 of the accompanying 
drawngs 

Alternatively, the DNA sequence encoding the altered variable domain may be prepared by primer 
directed oligonucleotide si to-directed mutagenesis. This technique in essence involves hybridising an 

30 Oligonucleotide coding for a desired mutaticn with a single strand of DNA containing the region to be 
mutated and using the single strand as a tamplate for extenston o*the cligonulcleotide to produce a strand 
containing the mutation. This technic)ue. in */arious forms, is described by : Zoller. M.J. and Smith, 1^.. NjC. 
Acids Res., JO, 6457-6500, 1082; Norris, K., Norris F.. ChristianseiK L. and Fiit. N . Nuc. Acids Res., n_, 
5103-51 1?. 1933; 7oHer. M.J. and Smith, M., DNA, 3, 479-488 (1984); Kramer, W., Schughart, K and Fritz, 

■•fc W.-J.. Nuc. Acids Res., 10. 5475-6465. 1982. 

Fur various reasooii, this technique in its simplest form does not always produce a high frequerjcy of 
mutation. An improved technique for ininoducmg both smgie and muiiiple mutations in an Ml 3 based veclor, 
has bRe^r described by Carter el al. (Carter. P. Berioueile H. and Winter, G., Nuc. Acids Re^s.. 13, 4431- 
4443.1685) 

40 Using a long oligonucleotide, it has proved possil^le lo introduce many changes sirrultaneouaiy (as in 
Carter ©t al.. loc. cit ) and thus single oligont'cleotides, each encoding a CDR. can be used to introduce the 
three CDRs from a second antibody into the framwork regions ot a first antibody. Not only is this 
technique less laborious than total gene synihosis, but It represents a partlcjiariy convenient way of 
expressing a variable domain of required specificrty. as it can be simpler than tailoring an entire Vh domain 

46 for insertion into an OJtpression plasmid. 

The ciigonucleotides used for site-directed mutagenesis may be prepared by oiigonjcteotide synthesis 
or may be isolated fronr. DNA coding for t^e variable domain of the second antibody by use of suitable 
restoction enzymes. Such long oligortuclootidcs v»rill generally be at least 30 bases tong and may be up to 
or over 80 bases in length. 

50 The techniques set out above may also be used, where necessary, to produce the vector of part (b) of 
the prccoss. 

The method ot ttxs present invention 's envisaged as being ot particular us© in "humanising" non- 
hunr^an monocional antibodies. Thus, for instance, a mouse monocional antibody against a particular human 
cancer ceJi may oe produced by techniques well known in the art. The CDRs tronr^ the nrxHJse monoclonal 
S6 antibody may then bo partially or totally grafted into the frame\vork regions of a human monoclonal 
antibody, which is then produced in quantity by a suitabie cell line. The product is thus a specifically 
targetted, esserttaliy human antibody which will recognise the carjcer cells, but will not itself be recognised 
to any Significant degree, by a human's immure system, until the anti-tdtotype response eventually 
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beconcs apparent Thus, the method and product of the present iriv^ention will be of partJcular use in the 
clinical environmont 

Trte present invention is row describe, by way of eomple only, with reference to the acconnpanying 
drawings, in which: 

6 Fiyure 1 is a scharnalic diagrarii showing the siructurb of a/i I9G rrolecule; 

Figurt* ? shows Ui*3 aminu acid sequence of U>e Vh domain of NEWM in comparison with t.l>e Vh domain 
of tha Bl-B antibody; 

Fiyure 3 shows tha arnino acid and rjucleoticJe sequence of tfie HuVfjp gene; 
Figure 4 shows a comparison of ihe results for HuV|yp-lgF and MoVwa-lgE in binding inhibition assays; 
w Figtire 5 shows the structura of three oligonucleolrdes used for site directed mutagenesis; 

Figure 6 shows a protf>col for the construction of CDR roplacemenls by tnsertbn of CDR cassettes into a 
vector containing four frannework regions fused together; 

Figure 7 shows the sequence of the variabi© domain of antibody D1.3 and the gene coding therefor; and 
Figure 8 shows a protocol for the clon ng of the D1.3 variable domain gene 

EXAiyiPLE 1 

This example shows the production of an altered antibody in which the variable domain of the heavy 
chains comprises the Irannowork regions of a human heavy chain and the CDRs from a mouse heavy chain. 

'/c The framework regions were derived from the human myeloma heavy chain NEWM, the crystailog- 
raphiO structure of which is known (see Poljak et al., loc. cit. and Reth. M., Hammerling, G.J and Rajewsky, 
K., EfVIBO J., 1, 629-634, 1962.) 

Ine CDKs were derived from ttio mouse morodonsi antibody B1-8 (see Rsth et a!., loc. cit.). which 
binds the hapten NP-cap (4-hydroxy-3-nitrophenyl acetyl-caproic acid: K^p-cap* 1-2 uM). 

^ A gene encoding a variable domain Hu>/r4P. comprising the Bi-8 CDRs and the NEWM framework 
regions, was constructed by gene synthesis as follows. 

The amino acid seouence of the Vh domain of NEWM is shown ii Figure 2. wherein ii is compared to 
the amtno acid sequence cf the Vh domain of the B1-8 antibody. The sequence is divtded mto framework 
regions a.-w CDRs according to Kabat et al. (loc. cit ] Conserved residues are marked with a line. 

30 The amino acid and nucleotide seouence of tne HuVh^p gene, in which the CDRs f'om the B1-8 andbody 
alternate with the framework regions of the NEWM antibody, is shov/n in Figure 3. The HuViyp gene was 
derived by replacing sections of the MoV^p gere in the vector pSV-V^p (see Neuterger, M-S., Williams, 
G.T. f^litcfielL E.B.. Jcuhal, S., Flanagiin, J.G. and Rabutls. T,H, Nature, 314. 26fi-27a. 1985) by a 
synthetic fragment encod-ng the HuV^p domain. Thus the 5' and 3' non-cod ng sequences, the leader 
SBCjuencr., tf>e L-V intron, five N-terminal and four C-torminai a.^ino acids are from the MoV^p gene ana tha 
rest ur \\m cxJifig beqtence is frurn tije i-yiitlietic HuViyp rraym^nl. 

Th6 oligonucleotides from which the HuV^jp fragnnent -/vas asseinbled are aligned below ihe correspond- 
ing porlioo of tnft HuV^jp gene. For convmience :n cloning, the ends of oligonucleorides 25 and 26b form a 
Hind II sit© foltowed by a Hind III site, and the sequences of the 25.''26b oligonucleotides therefore differ 

4c from the HuV^p gene. 

Tne HuVnp synthetic fragment was built as a Pstl-llind III fragment. The nucleotide sequence was 
derived from the protein sequence jsing the computer programme analySEQ (Staden, R., Nuc. Acids. 
Res.. \2. 521-538. 1984) with optimal rodon 'jsage taker from the sequences of mouse consrant domain 
genes. The oligonucleotides {1 to 26b, 28 in total) vary in size to(t\ 1 4 to 59 residues and were made on a 

<5 Biosoarch SAM or an Applied Biosystems machine, and punfied on 8M-urea polyacrylaniide gels (see 
Sa^ge^ F. and Coulson, A.. FEBS Lett , 87. 1C7-110 1976). 

The oligonucleotides were assembled in eight single slranded blocks (A-D) containing oligonucleotides 
[1,3,5.7] (Block A), [2.4.6,81 (block A'), fO.i 1,13e,13b] (Block B), [IO0, 10b,12'141 (bkxk B'), [16, 171 (block 
C), [16.18] (block C), [19. 21. 23, 25] (block D) and [20, 22'24, 2€a. 26b) (block D'). 

ic In a typical assembly, for example of block A, 50 pmole of oligonucleotides 1,3,5 and 7 were 
phosp.iorylated et the 5* ond with T4 polynucloot'de kinase and mixed together v\rith 5 pmole of the terminal 
oligonucleotide [1J which had been phosphorylatod with 5 uCi AlP (Amersham 3000 Ci.'mmoie). 

These oligonucleotides were annealed by healing to 80*C and cooling over 30 minutes to room tempera- 
ture, w,iri unkinased oligonucleotk^es 2, 4 and 6 as epiinte, in 160 nl of 60 mM Tris.Ci, pH 7.6, 10 mM 

56 MgClr. For the ligation, ATP (1 mM) and DTT (lOnnM) were addad with 50 U T4 DNA igase (Anglian 
Biotecnrology Ltd.) and incubated for 30 minutee at room temperature. EDTA was added to 10 rr.M, the 
sample was extracted with phenol, precipitated from ethanol, dissolved In 20 y.1 water and boiled for 1 
minute- with an equal volume cf fomnamid© dyes The sample was loaded onto and run on a 0.3 mm BU- 
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urea 1Q% polyacrylamido gal. A band of th& expected si2o was datocted by autorediogrEphy and ©luted by 
soaking 

Tvvo full length single strands were assembled from blocks A to D and A' to D' using splint 
oligonuclcotices. Thus bk^cfcs A to D were annealed and ligated in 30 ui as set out in the previous 
6 pdriiyfapl, usirtg lOO pmole of oligonudeotidtas I0a. 16 and 20 dn splints. Blocks A' to D' wore liyated using 
oliyo'iucleulides 7, l3b and i7 as spl rils- 

After phenorefher Extraction, block A-D was anr^ealed <vith block A*-D', small amounts warn cloned in 
tlie vector Ml3rnpia (Yanis^^Perron. C. Vieira. J. arkJ Messiny. J., Gene, 33. 103-119. 1985) cut with PstI 
and Hind III. and Uie gene sequerK*ed by the dkJeoxy technique (Sanger F.. Nicklen, S. aixi Coulson, A R., 
ro PNAS U*$A, 74. 5463-5467, 1979). 

The MoV*j3 gene was transferred as a Hind III - BamHi fragment from the vector pSV-Vfjp (Neuberget et 
al.. loc. oil.) to tne vector MIOmpa (Messing. J. and Vietra, J.. Gene, 19, 269-276. 1982). To facilitate the 
replacement of MoVnp coding sequences b/ tfie synthetic HuVnp fragment three Hind II sites were 
removed from tt~e 5' non-coding sequence by site directed mttagenesls. and a new Hind II site was 
J5 subsequently introduced near the end of the fourth framework region (FR4 in rigure 2). By cutting the 
vector with Psti and Hind 11. most o1 the Vnp tragment can be inserted as a Psll-Htnd II fragment. The 
sequence at the Hind II s'te was corrected to NEV/M FR4 by site directed mutagenesis. 

The Hind III - Bam HI Eragment, now carrying the HuVwp gene, was excised from M13 and cicned back 
into pSV-V^H to replace the MoVnp gono and produce a vector pSV-HuV^p. Finaliv. the genes for the heavy 
20 chair constant domains of human Ig E (Flanagan, J.G. and Babbitts. T.H., EMBO J., h 655-660, I982'i were 
introduced as a Bann HI fragment to give the vector pSV-HuV^p. HE. This was transfected into the myeloma 
line J558 L by sphcroplast fusion. 

Ih9 sequence of the HuV^p gene in pSV-HuVwR. HE was checked by rQC:oning the Hind Ill-Bam HI 
fragment back into Ml3mpd (Messing et al.. loc. cit). JbbBL myeloma cells secrete lamboa i ligtit chains 
26 whicn nave been shown to associate with heavy chains containing the Mc^kp variable domain to create a 
binding Site for rJP-cap or tne related hapten NIP-Cap (3-iodo-4-hydroxy-5-nitrophenylacetyl-caproic acid) 
(Reth, M , Hamnnerifng. G.J. ar.d Rajewsky. K., Eur. J. Immune^.. 8, 393-400, 1976). 

As the plasmid pSV/-HuVmp.HE contains tbo gpt marker, stably transfected myekxna cells could be 
selected in a medium containing mycophenoJk; acid. Transfectanls secreted an antfbody {HuVrjp-tgE) with 
30 heavy chains comprising a HuV^jp variable donnain (i.e. a "humanised" mouse variable region) and human -y 
constant domains, and lambda 1 light chains Ircm the J558L myeloma cells. 

Th9 culture supernatants of several gpt* clones were assayed by radioim.Ttunoassay and fOLrd to 
cLMitaii'. NIP-cap binding antibody. Ttie antibcdy secretwi by one stJch cloi>e v^as purified from culture 
supernatant by affinity chromatog''ap^y on NIP-cap Sepharose (Sepharose is a regtstered trade mark). A 
3h poly aery (amide - SDS ge! indicated that the protein v^as indistinguishable from the chimeric antibody 
MyVn^-lyE (Nejbyrger et al.. loc. crt ). 

Tha huV^jp-igF anirhody competes effectively witt^ the MoVw^-lgF for bindmg to botn anti-human-lgE 
and to NIP-cap coupled to bovine senjm albumin. 

Va.'-ious concentralk>n£ of HuV^p-lgE and MoVi^p-lgE were used to compete the binding of racfiolabelied 
40 MoVN;>-lgE to polyvinyl m crotitre p:8tes coaled wth (a) Sheep anti-human-lgE antiserum (Seward Laborato- 
ries); (b) NIP-cap-bovine serunn albunrdn. <c) Ac38 anti-kjiotypic antibody; (d) Ac 146 anti-idiolypic antibody; 
and (e) rabbit anti-MoVua antiserum. Binding was also car.^ied out m the presence of MoVKpHgM antfbody 
(Neuoerger. M.S.. WilllamE. G.T. and Fox. R.O.. Nature, 312. 604-608. 1984) or of JW5/1''2 whteh Is an Igf^ 
antibody differing from the MoVNP-IgM antibody at 13 residues mainly located in the Vh CDR2 region. 
45 The results of the binding assays are shown in Figure 4, wherein bleck circles represent HuVp^r, white 
circles MoVwp, black squares MoVKp-IgM and white squares JW5/1/2. Binding is given relative to the 
binding in the absence of the inhibitor. 

ThD affinities of HuVNH-lgE tor NP-cap and NIP-cap wore then measured directiy using the fluorescence 
que.nch tochnlquo arxi compared to those for MoVNP-lgE, using excitation at 295 nm and observing 
60 emission at 340 nm (Eisen. H.N., Methods Med. Res., iC, 115-121,1864). 

Antibody solutions woro diluted to 100 nM in phosptiate buffered saline, filtered (0.46 urn pore cellulose 
acetate) and titrated with NP-cap n the rartge 0.2 to 20 uM. As a control, mouse DI-3 antibody (Mariuzza, 
RA, Jankovic, D.L., Bulot. G., Amit, AG., Saludjian. P., Le Guern, A., Urtazie. J.C. and Poljak, R.J., J. Mol. 
Biol., 170, 1065-1058, 1983), which d(>es not bind hapten, was titrated in parallel. 
56 Decrease in the ratio of the fluorescenco of HuV|gp-lgE or MoV^jp-lgE to the lIuorescencG of the DI-3 
antibody was taken to be proportional to NP-cap occupancy of the antigen binding sites. The maximum 
quench was about 40% for both antibodies, and hapten dissociation constants were determined from least- 
squares fits of triplicate data sets to a hyperbola. 
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For NIP-cap, haptsn concentration variod from 10 to 300 nM, end about 50% quenching of fluorescence 
was observed at saturation. Si ace \ho antibody concofilrations were comparable to the value of the 
dissociation corstanis. data were fitted by least squares to an equation describing tight binding inhibition 
(Segal. I.H., in **En2/me Kinetics", 73-74. Wtloy, New Vork, 1975). 

TUkt Liricjiiiy curtstanti; obtairitjd frurn Wma^ data for these antibodies are shown in Table 1 below. 

Table 1 





Kfjf»-cap 


KM,p-cap 


MoV^^^lgE 
HuV„p-lgE 


1.2 UM 
1.9 UM 


0-02 UM 
0.07 uM 



Tnese results show thai the affinities of these antibodies are similar and that the change in affinity is 
less than would be expected for the loss of a hydrogen bond or a van der Waals contaa point at the active 
site of an enzyme. 

Thus, it has been shown that it is possible to produce an antibody specific for an aniflclaJ small hapten, 
comprising a variable domain i^^virg human framework regions and mouse CDRs, withoot any significant 
loss uf antiyc't bitiding ciipadty. 

As ihowii in Flyury 4(d), ttie HuVpjp-lyE anlitjoCy has lust the MvVur idiotypic deleriniricnil lecoyiiised 
by the antibody Ac146. Furthermore, HuV^r-IqE also bines the Ac58 antitxidy less wali (Figure 4(c)), and it 
IS thfjfsfore not surprising that HuVvjp-lgE has lost nr:any of the dotoimmants recognised by the polyclonal 
rabbit anb-idiotypfc antiserum (Figure 4(b)). 

11 can thus 06 seen that, allhcush the HuVup-lgE aniibcdy has acqured substantially ali the antigen 
binding capacity of the mouse CDRs. It has net acquired any substantial proportion of the mouse antibody's 
antigenicity. 

The results of figuros 4(d) and 4{o) carry a further practical implication. The mouse (or human) CDRs 
could be transferred frcm one set of human frameworks (antibody 1) to anothe' (antibody 2). In therapy, 
anti-idiotypic antibodies generated in response to antibody 1 might well bind poorly to antibody 2. Thus, as 
the anli-idiotypic response starts to neutralise ar.tbody 1 Ireatment could be continued with antibody 2, and 
the CDRs cf a desired specificiTy used more than once. 

For instance, the oligonucleotides encoding the CDRs may l^e used aga-n, but with a set of 
oligonucleotides encoding t different set of framework regions. 

The above work has shown that antigen binding characteristics csn be transferred from one framework 
to another without loss ot activity, so long as the original antibody is specitic tor a small hapten. 

It is known that small haptens Qener^W)/ fit into an antigen binCing cleft. However, this may not be true 
for natural antigens, fot instance antigens comprising an epitopic Bite on a protein or polysaccharide. For 
such antigens, the antibody may lack a clett (it may only have a shadow concavity), and surface amino acid 
residues may p'ay a significant role in antigen binding. It is tlierefcre not readily apparent that lf>e wo^k on 
artificial antigens shows conclusively that CDR replacement could be used to transfer natural antigen 
binding properties. 

Therefore vvork was carried out to see tf CDR replacement could bo used for this purpose. This work 
also involved using prinr>er-directed. oligonucleotide site-directed mutagenesis using three synthetic 
oligonucleotides coding for each of the mouse CORs and the flanking parts of framev/ork regions to 
produce a variable domain gene similar to the HuVfjp gene. 

FXAMPl F ? 

The ttiree dltnentiranal structure of a complex of lysoiiyme a.nd the antilysozyme antibody D1 3 (Amit et 
al.» loc. cit.) was solved by X-ray cyslailography There is a large surface of in!eractk)n between the 
antibody and antigen. The antibody has t'A'O heavy chains of tie mouse IgGl class (H) and two Kappa tight 
chains (K), and is denoted below as H2K2. 

The DMA sequence of the heavy chain variable region was determined by making cDNA from the 
mRNA of the D1.3 hybrkjoma cells, and cloning into plasrrid and M13 vectors. The sequence is shown in 
Figure 7 in which the box d residues comprise the three CDR5 and the asterisks mark resiaues which 
contact lysozyme. 

Three synthetic oligonucleotides wore then des-gned to introduce the Dl.3 V^CDRs in place 0I the 
VhCDRs of the HuVnp gene The Hui^p gene has be n cloned into Ml3mp8 as a BamHI-Hind 111 fragment. 
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as desDribed above. Each oligonjcieotidD has 12 nucleotides at the 5' end and 12 nucleotides at t^e 3' end 
wtiich are com piemen lary to the appropriate HuV^p ^rannev^ork regions. The centrai portion of each 
oligonucleotice encodes eith^ CDRi, CDR2, or CDR3 of the Di 3 antibody, as shown in Figure 5. to which 
referonce is now rrade. it can bo soen tron this Figure that thase oHgonudeotidos are 39, 72 aad 48 
6 riLicleo'Jdyb; long respective!/. 

10 pinole of rJ1.3 CDRi ptimef was piiospk^rylatec at tlie 5* end and annealed io 1ug of the M13- 
HuVnp tttfnplale and extended witti the Kterow fragnnent of DNA pnl/merase in the presence of T4 DNA 
liyase. After an oliyonucieotide extension at T5'C. the sample was used to transfect E. CoW strain 
RHM71/18 mutL anc plaques gridded and grown up as infijcled colonies. 
to After transfer to nitrocolUjloso filters, the colonies were probod at roonn temperature with 10 pnncle of 
DI 3 CDRI prinnftr labelled at the 5' end with 30 aCI^-p-ATP After a 3* wash at 60' C. autoradiography 
revealed about 20% of the colonies had hybridised well to the probe. All these tech?)iqj8s are fully 
doscribed in "Oiigonucleolide stte-directod mutagonosis in M13*' an experimental rranual by P. Carter. H, 
Bedouelle. M.f^.Y. Waye arxJ G. Winter 1985 and published by Anglian Biotechnology Limited. Hawkins 
75 Road. Colchester. Essex C02 8JX. Several clones were sequenced, and th.e replacement oi MuVwp CDR1 
by D1.3 com was confirmed. TTiis M13 template was used in a second round of mutagenesis with D1.3 
CDF12 primer; fnally template with botti CDRs 1&2 replaced was used in a third round of mutager>esis with 
D1.3 CDR3 prtmer. In this case, three rounds of mutagenesis were used. 

Th3 variable domdn containirg the D1.3 CDRs was then attached to sequences enccxi'irig the heavy 
ZQ chair constant regions of }v;man lgG2 so as to produce a vector encoding a heavy chain Hu*. The vector 
was trcnsfected into JSSSL c^ls as above. The ant body Hu'zLz is secreted. 

For comparative purposes, the variable region gene for the D1.3 antibody was inserted into a suitable 
vector and attached to a gene encoding the conslcait regions of nnouse IgGI to produce a geno encoding a 
heavy chain H' with the san^e sequence as H. The protoco! ior achieving this is shown \r\ Figure 8. 
26 As shewn in Figure 8. the gene encodirg the Dl 3 heavy chain V arw ChI domains and part of the 
hinge region are cioned into tho Ml3mp9 vector. 

The vector (vector A) is then cut with Ncol, blunted with Kienow polymerase and cut with Petl. The Psil- 
f^ol fragment is purttied and cloned into Pstl-Hind't cut MV^Jp vector to replace most of the M\/^Jp coding 
sequences The MVnp vector comprises the mouse variable domain gene with its promoter, 5' leader, and 
30 5' and 3* introns cioned into Ml3mp9. This product is shown as vector B In Rgure 8. 

Using site directed mutagenesis on the single stranded tsmplate of vector 8 with two primers, the 
sequence encoding tfie N-tcrminal portion of the Qtl domain and the PstI site near the N-ternrinus of the V 
domain are ren oved. Thus the V domain of D1.3 riyv/ replaces tiiat of V^p to produce vector C of Figure 8. 

Vector C is than cut with Hindlll and Barr.Hl and the fragnnent formed thereby is inserted into 
Hirdlil/BamHI r:Lit Ml3mp9. TT;e product is ait with Hind III and Sad and the fragment is inserted into PSV- 
Vnp cut with Hind Ill'SacI so as to replace the V^r variaLile duirain with Ihe D1.3 variable domain. Mouse 
Icj3l consiaot domains are ciofied into the vector as a Sacl fragment to produce vector D of Figure 8 

Vector D o* Figure 8 is transfected into J55RL cells and the heavy chain H* is secreted in assnciation 
with the lambda light chain L as an antibody H'2Li. 
4C Separated K or L light chains can be produced by treating en appropriate antibody (for instance D1.3 
antit)ody to produce K ligrtt chains) with 2-mexaptoethanoi in guanidine hydrochloride, biockirg the free 
interchain suiphydryls wrth iodoacetamide and separating the dissociated heavy and tight chains by HPLC 
in guankjine hydrochloride 

Diffe^-ent heavy and light chains can be reassociated to produce fijnctiona) antibodies by mixing the 
45 separated heavy and light chains, and dialysing into a non-denaturing buffer to promote re-association and 
refolding. Properly reassociated and loWed antibody molecules can be purified on protein A-sepharose 
columns. Using appropriate combinations of the above procedures, the following anttoodies were prepared. 
H2K2 (Dl 3 antibody) 
HVL? [D1 .3 heavy chain, lambca light chain) 
50 H'i-Ki (recombinant equivalent of D1.3) 

Hu'^Lo ("humanised" D1.3 heavy chain, lambda light chain) 
Hj\K7 ("humanised" D1.3) 
The antibodies containing tt>e lambda light chains were rot tested for anligon binding capacity. The other 
antibodjes were, and the resufts are shown in Table 2. 
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Table 2 



Antibody 


D;s$oc:iatton constant for lysozyniD (nM) 


D1.3 (H,K2) 

D1.3 (H^Ks) (reassacial^d) 
recombinant D1 .3 (H'^K?) (reassociaiod) 
"hutnanised*' D1.3 (HU2K2) (reasscjciatfed) 


144 

15 9, 11.4 

9.2 

3.5 3.7 



I he alfiniiy ot the antioodies for tysosyme was deterrrined by tiuorescenl quenching, with excitation at 
^yOnn:^. arid emiss.cn observed at 310nnn Antibody solutions were diluted to 15-3Qug'nr\Q in phosphate 
buffered saline, filleted (0.4b um-ce!iulose acetate) and btratdd with hren eggiA'hrte lysozynrte. There is a 
quenching of fluores-Dcnce on adding the lysozyme to the antibody ( >100% quench) and data wena fitted 
by least squares to ar equation descr :)ng tight oinding Inhibition {I.H. Segal in Enzyme Kinetics, p73-74, 
Wiley, New Yoric 1975). Although at first sight the data suggest tnai the binding ot the "hunnanised" 
antibody to iysozyme is tighter than Ir tho original D1.3 ant>body. ;his remains to be conftrmed. It is clear 
ho'Aever that the humanised antibody binds lysozyme with a comparable affinity to Dl.3 

Furthar work (with anothet antibody-GAfJIPATHI) has shown that CDRs 1^ and 3 can be exchanged 
si^nulta^e□u^sly, by (jritnlng as above wiih tW three prirners. tO% hybridisation positives Acre detected by 
suHwriiin^ with liiti CDR1 i^i'itnfyt, 30% of Itwse cumprlsed the triple inulanl in wliich all Ihe CDFU? were 
replaced. 

It has therefore btsev shewn lhat CDR replacetTient can be used not only for artificial antigens (haptens) 
but also for natural antigens, thereby showing that the piesent invention will bo of therapeutic use 

It will of covj'se be t iderslood that the ptesent inverlton has been described above purely by way ol 
example, and nodifcaticns detail can be made within the socpe of the invention as defined in the 
appended cidims. 

Claims 

1. An aftered antibody biriding site comprlsmQ connplennenlarity determinrng reoions (hereinafter CDRs) of 
an Igi light or heavy chain variable domain derived from a first antibody, and framework regions not of 
said first antibody, wherein antigen binding properties of said first an'.ilDody are imparted to the altered 
antibody binding site by said CDRs. 

2. An attor^d antibody binoing site accordir^g to claim 1 wherein CDRs m both the heavy and light chains 
have been altered. 

3. An altered antibocy binding sito according to claim 1 or 2, conr.pnstng CDRs from a mouse antibody 
and framework regions of a human antibody. 

4. An altered antibody binding site according to any one of claims 1 to 3. m wJiich said altered antibody 
binding site forms part cf a natural antibody, a chimaeric arittbody or a f''agnr\ent thereof. 

5- A rrtethod for producing an altered antibody binding site comp'ising: 

a) prsparfpg a t:rst replicable expression vector tnclucfing a suitable promoter oporably linked to a 
Df^iA sequence which encodes at least a variable domain of an Ig heavy or light chain, comprising 
CDRs derived from a first antibody and framework regions not of said first antibody, wtereby 
antigen binding properties of said first antibody a^e imparted to the altered antibody binding site by 
said CDRs: 

b) if necessary, preparing a second replicable expression vector irx:iuding a suitable prcinoler 
operably linkad to a DNA sequence whicn Rncortes at least the variable domain of a complementary 
Ig light or heavy chain respectively, 

c) iransforininQ a ceil line with tf>e first or both prepared vectors: and 

d) culturtng said trarslormed cell line tc pioduce said altered antibody binding site. 

6. A nethod according to clair^ 6. further comprising isolating said altered antibody binding site produced 
in step d). 
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7. A method according to claim 5 '^r 6, m whtch the eel' line which is transtormec! to produce the altered 
antibody binding site is a rnaiTimaiian cell line. 

B. A rrkGlhoci according to claim 7, in which the ceil line is a myeloma cell lino or a derivative thereof. 

b 

9. A rrielhoct according io any one o\ ctaims 6 lo 8. in whicN the DNA sequence ©ncixiing ihe altered 
variable donain is prepared by use of^ synthetic ohgoniicleotirie. 

10. Thy nieLhoa of any one of claims 5 lo 9. in whidi the ONA sequence encocfirtg Uie altered variable 
ro domain is piopare*:! by primftr directed olignnuciaotide site-directed mutaganesis using a long 

oligcnuclftotide. 

Patentansphiche 

;5 1. Modrli^ierte Antrkcrperbindungsstelle. umfassend die die Kompiementaritat beslimrr>enden Dereiche 
(nachstehood als CDR bozeichnetj einer variebien Domane oinar leichten Oder schworen Ig-Kette, die 
von einem ersten AntikSrper stammen, und Framework-Be reiche. die nichl vom ersien Antik6''per 
starr.men, wobei Aritigerbindunflseioenschafton des ersten Antikorpers der mcdifizierten AntikSrperbin- 
dungssteltc durch dio CDRs vcrllchcn ^erdon. 

2. r^lodifizierte Antikorperbindungsstelle nach Anspruch 1 wcbei die CDRs sowohi in den schweren als 
auch in den Icichtcn Kottcn moditiziort sind. 



Modiltzierte Antikorperbindungsstelle na:;h Ansprudi 1 Oder 2, limlassend CDRs eines Maus-Ant kcr- 
?6 pars jrd Framework- Bereiche ©ines menscrilichen Antikorpers. 

4. Moditi^ierte Antikorperbindungsstelle nach einenn der AnsprCche i bis 3, wobei die modifi^ierte 
AntikCrperbindurgsstella einen Teil eines natarlichen Antfk^Jrpers, eires chimaren Antikdrpers Oder 
eines Fragrr.entes davori ausmacht. 

3C 

5- Verfar^ren zcr Hsrstellung einer rnocifizterten Antikcrperbindungsstelte, umfassend: 

a) Hsrstsiijng eines ersten replizierbaren Expression s^^ektors. umfassend eiren geeigneten Pfomo- 
tor. funklioiiell veibjuden niit eirwr DNA-Sequen2, die inindestens wne variable DoftiSne einer 
schweren oder leichten Ig-Kette coolert, urpfassend CDRs d e von einem ersten Amikdrper stam- 
rr;en, und Framework- Bereiche, die nicht von diesem ersten Antikorper stammen, wobfM Antigenbin- 
dijrigseigenscfiafttfr) des i^raXk^u AvMot^^ts der ntodifi^ierleii AntikCrperbii.dungsstelle duruti die 
CDRs verliohen werden; 

b) falls notwendig. HerstellunQ eines zweiten rftplizierbaren Express ionsvektors, umfassend einen 
geeigneten Promotor funktionell verbunden mit einer DNA-Sequenz, die mindestens die variable 

40 DomSne eiaer koo'^pienrtentaren leichien b^w. schweren ig-Ketle codiert; 

c) Transforrrarioo einer Zeliinle mit dem ersten oder mit Deiden hergestelhen Vektoren; und 

d) ZJchtung der transformierten Zeliinte zur CewinnurtQ der mocSilaierten Antik5rperbindungsstolie. 

6. Verfahren oach Anspruch 5, das auBerdem die Isdierung der in Schritt d) hergestellten modifizierten 
45 Antikorperbinaungsstolle umfafJt 

7. Verfalren rach Anspruch 5 oder e, yi^obei die Zellinie, die zur Produktion der modifizierten Antikoroer- 
bindjngsstellc t-ansformiort v/urdc, eino SaiigerzeMinio ist. 

50 e. Verfahren nach Anspruch 7. wobei die Zellinie eine Myelomzeliinie oder ein Derivat davor ist. 

9. Verfahren nach einem der Anspruche 6 bis 8. wcbei die DNA-Scquenz, die di© modifiztert© variable 
Domane codiert, mit Hilfe dii>os synthetischen Oiigonticleotids hergestellt wird. 

66 10. Verfahren nach oinem der Anspruche 5 bis Q, wobei die DNA-$equenz, die d^e modifizierto variable 
Domane codiert. dufch Primer-gertchtete Oiigonudeotid-genchtete Mutagenese unter Venrvendung 
eines fangen Oligonucleotids hergestellt wird. 
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R«v ndicati ns 

1. Sito cJe Haison d'anticorps mod'fi^ comprenant des regions d^tornriinantes compl^neniaires (ci-apr^s 
CDRs) de domains variable de chaTne legere ou lourdo d'uno ig derivees d'un premier anticorps, et 
dei> regiufis cadre r)'«ipp<irteriant pas audit premier anticorps. dans lequel le^ propri^tfrs de liaison ^ 
Tafnig^Me dudit pretrier afi(!;.orps sont imparlies aj site de liaison de I'aiUicorps modifta par lesdites 
CDRs 

2. Sile de liaison d'anticorps inodifi^ selcn la rL>v©ndicalion 1, dans lequet les CDRs oni eie modifi^es a la 
fois dans les c iaines Inkjet es et dans les chainBS iourdes. 

a. Site de liaison d'arHicorps modifi^ selon la revendication 1 ou 2. comprenant des CDRs provenant 
d'anticorps ce souris et des regions cadro d'anticorps hurrain. 

4- Site de liaison d'anticorps modili^ selon I'ure quelconqoe des revendications 1 h 3. dans lequel ledit 
site de liaison d'anftico'ps nnodif© forme unc partie d'un anticorps nature!, d'un anticorps chimere, ou 
d'un fragment. 

5. Prcccdd de producticn d'un site de liaison d'anticorps modifi^ comprenant : 

a) la preparation d' jn promier vecteur d'expression r^plicable incluant un promoteur appropri^ It^ de 
mantere operationneile a une sequence c'ADN qui code pour at moins un domair)e variable d'une 
charic lourdc ou Idg^ro d'lg: comprenant des CDRs derivecs d'un premier anticorps et des regions 
cadre n'appartenanl pas audit premier anticorps, dans lequel les propri^t^s d© liaison h t*antigene 
dudit premier anticorps sont imparties at site de l:aison de I'anticorps modili^ par lesdites CDRs; 

b) si n^cessaire, la preparation d un secorxJ vecteir d'expression nepllcafcle Incluant une promoteur 
appropfi^ \\4 de manifere op^rationncHe ^ une sequence d'ADN qui cede pour au moms la partie 
variable d'une cnaTne iegere ou lourde d'lg complemeniaire, respectivement; 

c) la transformation d'une Iign4e cellulaire par le premier des deny vecteurs pr4pares; et 

d) la cutture de ladite lign^a cellulaire transform4e pour produiro tedit site de liaison d'anticorps 
modifi^. 

6. Precede selon la revendicatior 5. comprenant en outre I'isolement dudit site de liaison d'anticorps 
fnodifl^ prodjit au cours de I'^tape d). 

7. Procede seion la revendication 5 ou 6, dans iequel la lignea cellulaire qui est transformee pour produire 
le sile de liai^n d'Htrticorps modifi^ est une liyn^e cellulaire de rrtarnrnil^ra. 

8b Precede selon la revendication 7. rians lequel la ligneR cellulaire est une lign^s cellulaire de mysbme 
ou un de ses d^riv6s. 

9. Precede seion I'une quelconque des revendications 5 ci 6, dans lequel la sequence d'ADN codant pojf 
le clomaine variable mcdtfi6 est pr^par6e au mo/en d un oligonucleotide synthetique. 

10. Precede se^on I'une quelconque des revendications 5^9, dans lequel la sequence d'ADN codant pour 
ie domaine variable nr\odifie est preparee par mutag^nese dirigee sur un site d'un oligonucleotide, 
dirlg^e par une amorce, en utilisant un oligonucleotide d chare longue. 



12 



EP 0 239 400 B1 



Fig. 1 
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I Hindi 1 1 .48 -23 -T 

5' 7. RTCCflflfiTCCTCTG«RTCTfC«T0G7«WTRT«iGmCTCTflT«C 

■ » Ftm ttoris ■ » starts 

CACRMC<»AWVWCRT6WMTCRCACTTCTCTCTACACnACT6AGCACRCflCCACCTC 
HP ttoder $p| |c« 

ACCflTCCGATCCMSCTCTRTCRTCCTCTTCTTCGT«UiCRACItCCTRCflCCTARCGGCCTC 

RCRCTnCCACCCnCRCCTCTGCACflTATATflTOCCTCACmTGACATCCRCTTTCCCTT 

Spllct, 1 5 10 

jGUHSQUQL QIeSGPCLUR 

TCTCTCOCAGCTCTCCACrcCCWCTCCRWrrGCfl GGACACCGCTCCflCGTCnCTGRC 

5-1 , 

3- 1 2 » ' 

15 20 29 30 COftt 

P8QTL8LTCTU8CSTF S iS V Ml 

RCCTRCCCACI^TGACCCTGACCnCCnCCCTSTCTCCCna^CCTTCnOCfOCTRCTC 
-I I 3 1 i 5 » I 7~ 

4 1 I 6 ■ i r ■ >■ 

35 40 45 SO 52« 



I n Hl H MRQPPCMGLCUi 0 |K I 0 P| 

CRTCCRCTCCCTCACRCACCCRCCTCCWGACCTCTTORCTGGATTOCfWCCflTTGRTCC 

7 1 I 9o 11 9b 1 u— u 

i I too 1 1 10b 1 1 12/14 

55 Cltfg 60 65 70 

IMSOOTKVHEKFKSI R U T 0 L U 0 
TanTAGTCCTCCTRCTARCTRCRATCRCRRCTTCRRGRCCRCnCTCRCRRTGCTCGTAGR 

H - M It t3t> 

12/ M 1 1 16 

75 SO S2R B C 83 

TSKHQF6I.RL$8UTRR0TRM 

CRCCRGCRRGRRCCRCTTCROCCTGRGRCTCRGCRCCGTCRCflCCCCCCGRCRCCCCCCT 

15 ' ' 17 ' ' 10 

, , te 1 1 20 

90 95 CDR3 100R B C 105 

V V c R r Ivdvvcssvfd"v1 m 0 Q 0 

CTflTTRTTOTCCMC«TftCOHT"TRCTRCOOTftOTROCTflCTTT6flCTRCTCCOeTCftROC 

19 1 1 21 " 23 " — 

1 1 22/24 1 r— 26fl 



110 .Splict ,ea«HI 

SLUTUSSi i 

CfiCCCTCGTCRCflCTCTCCTCRCGT I93bp 3 ' 

— 25 GflCfl 3* 



ir-26b-CTCTTCCR5* 



Fig. 3 
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Fig. 5 
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CDR1 



CDR2 



CDR3 



HuVj^p gen« cloned in M I3mp8 



D1.3 CDRI oligonucleotide 

5 CTGJCT.CAC,CCA,GTT,TAC,ACOTA,GCC,GCT,GAA,GGT,DCT 



FR2 



Dt 3 CDRI 



FRl 



Dl.Z CDR2 oligonucUotide 

5- CAT,TGT,CAC,TCT, GGAJTT,GAG,AGCJ6A>TT.ATA.6TCJGT . 

FR3 Df3CDR2 
6TTJCC,ATC,ACC,CCA.AA7,CATJCC,AAT,CCA,CTC 



01.3 C0R2 



FR2 



013 C0R3 oligonucleotide 

5- 6CCJT5,ACC.CCA,CTA,GTC,AAG,CCT,ATA,ATC,TCT,CTC,TCT. 



FR4 



D1.3 C0R3 



TGC,ACA,ATA 
FR3 
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VECTOR 



RESTRICTION SITES 
1 2 3 



FRI 



FR2 



FR3 



(1) Diqejl vedor/FRl-4ttt rwlrlctlon 

«itM 1,2,^3. 
(2; Ligite CDR Micky end duplexes 1,2 *.3. 

rr=rr CDRl 4. , CDR2 



CDR3 



FR4 



VECTOR 



VECTOR CDRl FR2 CDR2 FR3 CDR3 FR4 SECTOR 



FC9^ > 

-15 SIGNRL ^10 -5 

rrTfiULflLLFC LUTFPSC I Ll 
TCflGfiO:nTGGCTCTCCT&GCBTTflCTCTTCTGCCT3GTflRCflTTCCCRACCTGTATCCT 

-1 +1 5 10 13 

rn QUQLKESGPCLUAPSOSLS 
TTCCCflGGTGCfleCTCAftGGfiGTCflGGACCTGGCCTGGTCGCGCCCTCflCfiGnGCCTCTC 

20 25 ♦ ♦ * C0R1 35 

I TCTUSCFSLT IG V D U Nl U g R Q 
C.STCftCftTCCfiCCCTCTCfiCGGTrCTCRTTflfiCCGCCT^HTCGTCrflfiRCTGOGTTCCCCn 



40 45 SO » » » S5 CDR2 

PPGKOLEWLG Ih I » G D G N T D Vl 

GCCTCCfiGGRP.flGGGTCTGGRGTGGCTGCGflflTCflTTTGCGeTGftTGGRflflCflCflGflCTfl 

6 0 CDB2 65 70 75 

S ft L K SI RLStSKDNSKSQUF 
TAflTTCRGCTCTCAFflTCCflGftCTGRGCf=iTCftGCftFlOORCftRCTCCfiHGflGCCRflGTTTT 

80 82R B C I 85 «0 95 * 

LKhHSLHTDDTflrtVVCfiR fTH^ 
CTTF.AflfiRTCRftCAOTCTCCRCfiCTGflTCf=K:fiCfiGCCflG0TflCTACTCTGCC:flCflGflGflG 



nc » » coaa 105 1 10 

I D V R L D VI UGQCTTLT^SS 

PGflTTaTRCGCTTGnCTACTGGGGCCRfiGGCRCCP.CTCTCACRGTCTCCTCfl 
D J 2' > 
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VNP proPT.oter VNP 
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V 3* Inlron 



1 

H3 BE 



VNP promoter VNP 

leader, N-term C-terni/ mouse genomic clone 

intron 

V domain CHI hing* CH2 CH3 
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